The effects of microelectrophoretic applications of neurotransmitter substances and their antagonists on the activity of paraventricular oxytocinergic neurones were studied in urethane anesthetized lactating rats. Oxytocinergic neurones were identified by their antidromic response to the stimulation of the neurohypophysis and by their characteristic high frequency discharge of action potentials approximately 15-20 s before reflex milk ejection. Acetylcholine (ACh) excited the majority (75%) of paraventricular oxytocinergic neurones, and none of the cells was inhibited in its activity by ACh. In about half of the oxytocinergic cells, atropine and hexamethonium reduced the number of action potentials during the burst discharge preceding reflex milk ejection. Noradrenaline (NE), dopamine (DA) and serotonin (5-HT) reduced the activity of most (75-100%) of oxytocinergic neurones, and none of the cells was excited by these catecholamines. These results suggest that paraventricular oxytocinergic neurones receive excitatory cholinergic inputs and inhibitory noradrenergic, dopaminergic and serotonergic inputs.
The response of antidromically identified paraventricular and supraoptic neurosecretory cells to microelectrophoretically applied putative neurotransmitter substances has been examined in many laboratories (Arnauld et al., 1983; Barker et al., 1971; Bioulac et al., 1978; Dreifuss and Kelly, 1972; Moss et al., 1971 Moss et al., , 1972 . Both the supraoptic nucleus and the magnocellular part of the paraventricular nucleus contain two major cell groups; oxytocin and vasopressin-secreting neurones (Rhodes et al., 1981) . Furthermore, recent studies suggested that these nuclei also contained cell bodies of neurones other than oxytocin-and vasopressin-secreting neurones (Cuello and Kanazawa, 1978; Elde and Hafelt, 1978; Finley et al., 1981; Hafelt et al., 1977; Sar et al., 1978; Swanson and Sawchenko, 1983) .
Thus, functionally different cell groups in these nuclei might be included in early studies. The results of early microelectrophoretic studies were rather confusing probably due to the failure to identify these cell groups.
The present experiments were undertaken to examine the response of identified et al. Of the putative transmitters tested in this experiment, ACh alone exerted an exciting effect on the activity of oxytocinergic cells. We therefore examined the effects of microelectrophoretic application of atropine and hexamethonium on burst discharges preceding reflex milk ejection induced by suckling stimuli (Table 2, Fig. 2) . The drugs were applied from a few minutes after a milk ejection till the following milk ejection. Atropine reduced the burst discharge in 5 out of 9 oxytocinergic cells (10-110nA). In the remaining 4 cells, the burst discharge was unaffected by atropine. The basal firing rate was reduced by atropine in 6 out of 10 cells (2-30nA). The activity of one cell was increased (5nA) and that of 3 cells was not changed by atropine (10-110nA). In 4 out of 8 cells, the burst discharges were reduced by hexamethonium (2-20nA), and the activity of the remaining 4 cells did not change during the burst discharge (5-110nA). When hexamethonium was applied, basal activities were reduced in 2 cells (10 and 20nA), increased in 1 cell (5nA), and unchanged in the remaining 5 cells (2-110nA).
Discussion
The results of the present series of experiments clearly indicated that paraventricular oxytocinergic neurones were excited by ACh and inhibited by NE, DA and 5-HT, and that none of the oxytocinergic neurones was inhibited by ACh nor excited by these catecholamines. In contrast with our results, both excitatory and inhibitory effects were observed following the application of ACh or these catecholamines in early microelectrophoretic studies (Barker et al., 1971; Moss et al., 1971 Moss et al., , 1972 , in which neurosecretory neurones were identified only by the antidromic stimulation of the neurohypophysis.
The results of these early microelectrophoretic studies may include the responses of the neurones other than oxytocinergic cells. Arnauld et al. (1983) have shown that supraoptic neurosecretory neurones which displayed a phasic firing pattern (putative vasopressinergic neurones) were excited by microelectrophoretic application of ACh and were inhibited by that of NE. However, they observed an inhibitory action of ACh on some of the cells which fired continuously. Neu- It is likely that not only cholinergic synaptic transmission but also some other mechanisms are involved in the final transmission of the afferent input for milk-ejection reflex, since cholinergic blocker inhibited the burst discharge preceding reflex milk ejection in only about half of the oxytocinergic neurones. Recently, Freund-Mercier and Richard (1984) showed that oxytocin injected into the 3rd ventricle facilitated the milk-ejection reflex and the neurosecretory burst of paraventricular oxytocinergic neurones. Furthermore, Theodosis et al. (1981) and Hatton and Tweedle (1982) have demonstrated that extensive neurohal surface membrane appositions and multiple synaptic contacts are increased in the supraoptic nucleus during lactation. Therefore the final neuronal transmission of milk-ejection reflex seems to be a complicated phenomenon.
In in vitro experiments, it was indicated. that NE facilitated the activity of supraoptic neurosecretory cells probably through the activation of a-adrenergic receptors (Wakerley et al., 1983; Randle et al., 1984) . It was also indicated in the studies using slice preparation that DA increased the firing rate of the neurones which fired in a continuous manner in the supraoptic nucleus (Mason, 1983 a, b) . Although there is no report of such experiments on paraventricular neurones, these results seem to be in contrast with ours. Diffusion of a microelectrophoretically applied drug may be mainly limited to the cell body, while in in vitro preparation the drug applied to the medium may reach not only the cell body but also its dendrites and interneurones.
Therefore, a possible explanation of the difference between our results and those of in vitro studies is that the properties of the receptors for NE and DA which are localized to cell bodies may be different from those of recep-tors which are localized to dendrites. An alternative explanation is that the excitatory effects of NE and DA in in vitro studies may be mediated by the interneurones which exist inside the nucleus, since it was indicated that the relatively high proportion of presynaptic boutons on the magnocellular neurones in the paraventricular nucleus originated inside the nucleus (Kiss et al., 1983) .
